
Europaisches Patentamt 
European Patent Office 
Offi e europeen d s brevets 






(jj) Publication number: 



0 279 456 B1 



EUROPEAN PATENT SPECIFICATION 



© Date of publication of patent specification: 03.05.95 © Int. CI. 6 : C08F 10/10, C08F 4/06, 

C08F 2/38 

© Application number: 88102462.4 



© Date of filing: 19.02.88 



© Process for producing isobutylene polymers having functional terminal end groups. 



© 


Priority: 20.02.87 JP 38778/87 


@ Proprietor: KANEGAFUCHI KAGAKU KOGYO 




KABUSHIKJ KAISHA 




Date of publication of application: 


2-4 Nakanoshima 3-chome 




24.08.88 Bulletin 88/34 


Kita-ku 




* 


Osaka-shl 


© 


Publication of the grant of the patent: 


Osaka-fu 530 (JP) 




03.05.95 Bulletin 95/18 


@ Inventor: Kouji, Noda 






© 


Designated Contracting States: 


6-11-21, Kotsukayama 




DE FR GB 


Tarumi-ku 






Kobe-shi 


© 


References cited: 


Hyogo (JP) 




EP-A- 0 175 122 


Inventor: Masayoshi, Imanaka 




EP-A- 0 206 756 


1-3-6, Tsutsujigaoka 




US-A- 4 276 394 


Tarumi-ku 






Kobe-shi 






Hyogo (JP) 






Inventor: Katsuhiko, Isayama 






4-8-7, Tsukushigaoka 






Kita-ku 






Kobe-shi 






Hyogo (JP) 






© Representative: VOSSIUS & PARTNER 




♦ 


Postfach 86 07 67 






D-81634 MUnchen (DE) 



CO 

If) 

CM 



Q. 



Note: Within nine months from th publication of the mention of th grant of the European patent, any person 
may give notice to the European Patent Office of opposition to th European pat nt granted. Notice of opposition 
shall be filed in a written reasoned statem nt. It shall not be deemed to have been filed until the opposition fee 
has been paid (Art. 99(1) European patent convention). 



Rank Xerox (UK) Business Services 
13. 10/3.09/3.3.3) 



EP 0 279 456 B1 



Description 



The present invention concerns a process for producing isobutylene polym rs having functional 
terminal end groups at the terminal ends of the polymer chain. More specifically it relates to a process for 

5 producing isobutylene polymers in which functional terminal end groups are introduced in a high yield at 
the terminal ends of the polymer chain during cationic polymerization of one or more cationic polymerizable 
monomers containing isobutylene, in the presence of a specific initiator and chain transfer agent and a 
catalyst, and wherein the polymerization is conducted in the presence of a specific mixed solvent. 

Polymers having functional end groups are well-known and are useful as starting materials for 

w adhesives, coating materials, sealants, etc. Examples of such polymers include polyalkylene oxides having 
hydroxy! groups on both ends of the polymer chain, which are referred to as telechelic polymers, used to 
prepare polyurethanes. 

Isobutylene polymers having functional end groups can be produced by the INIFER process, in which 
isobutylene is cationically polymerized using a halogenated compound, such as 1 ,4-bis(a-chloroisopropyl) 
t5 benzene (hereinafter referred to as p-DCC), as an initiator and chain transfer agent and a Lewis acid such 
as BCb, as a catalyst. That process is described in U.S. Patent No. 4276394. 

Isobutylene polymers having chlorine atoms at both ends of the polymer chain obtained by the INIFER 
process can easily be converted by dehydrochlorination into a polymer having isopropenyl groups at both 
ends. The polymer having isopropenyl groups can be readily converted by hydroboration to polymers 
20 having hydroxyl groups bonded to the primary carbon at each end of the polymer chain. 

However, in the polymerization of isobutylene by the INIFER process, as described above, there is a 
problem that side-reactions tend to occur and considerable amounts of polymers having various kinds of 
end groups (such as 



25 CH 3 



C(CH 3 ) 3f ™~C=CH 2 , CH=C(CH 3 ) 2 / 

30 

and 



35 




• Me 



Me 



40 (indanyl group),etc.) are produced, in addition to the desired chlorine-containing ('w^C(CH 3 ) 2 CI) end group. 
These side reactions can occur under very mild conditions, even when the polymerisation temperature is as 
low as from -50 to -70 • C, and the monomer concentration is as dilute as about 1 M. 

U.S. 4,611,037 describes an improved process for the production of polymers having halogen end 
groups from cationically polymerisable monomers using a catalyst system consisting of a metal halide and 

45 an organic halide. The organic halide are particular aliphatic halides, are particular aliphatic halogenated 
hydrocarbons and the metal halide is BXa, SnX*, TiX*, SbXs or FeX3, wherein X is flourine, chlorine, 
bromine or iodine. The concentration of the organic halide and a ratio of metal halide to organic halide fall 
within specified ranges. Aromatic-substituted or organic halides, such as those which may used in the 
present invention, are excluded from the process described in this patent. The hydrocarbon or halogenated 

50 hydrocarbon containing an organo nitro compound is not disclosed among the examples of suitable 
solvents set forth in column 2, lines 25-30. 

A primary object of the present invention is to provide a process for producing a polymer in which 
functional groups, such as halogen atoms, are introduc d in a high yield to th nds of the polymer chain 
prepared using the INIFER process for the cationic polymerization of isobutylene. 

55 The foregoing object can be attained in accordance with th present invention by a proc ss for 
producing isobutylene polymers having functional end groups from on or mor cationic polymerizabl 
monomers containing isobutylene by using: 
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(A) as an initiator and chain transfer agent, an organic compound having the group repres nt d by the 
general formula (I): 



Rl 




R2 

10 

wherein the symbol ftn designates n-valent bonds meaning that R 3 contains n substituents in addition 
to the -CFTR^ substituent; wherein X represents a halogen atom or an RCOO group (R represents a 
hydrogen atom or a monovalent organic group), R 3 represents a (n + 1)-valent hydrocarbon group, R 1 and 
15 R 2 are a hydrogen atom or a monovalent hydrocarbon group, R 1 and R 2 are taken individually and may 
be identical or different, but they are not simultaneously a hydrogen atom if R 3 is an aliphatic 
hydrocarbon group, and n is a positive integer; 

(B) as a catalyst, a Lewis acid; and 

(C) as a solvent a hydrocarbon or halogenated hydrocarbon containing an organonitro compound, 
20 thereby producing isobutylene polymers having functional terminal end groups in which R has the same 

meaning as above, at its terminal ends. 
The group of formula (I) may be illustrated as 



Rl Rl Rl Rl Rl 

-R3-C-X, > 3 -C-X, -R 3 -C-X, 2R 3 -C-X or £r 3 -C-X. 
R2 R* R2 R2 R2 



30 

According to the process of the present invention, polymers can be obtained in which functional groups, 
such as halogen atoms, are introduced in high yield at the terminal ends of the polymer chain. 

The cationic polymerizable monomer containing isobutylene usable in the present invention is a 
monomer consisting solely of isobutylene or a mixture of isobutylene and a cationic polymerizable 
35 monomer copolymerizable with isobutylene. In the case of using a mixture, mixtures containing not less 
than 50% (by weight, and hereinafter referred to as the same)of isobutylene in the total monomer are 
preferred. 

The cationic polymerizable monomer copolymerizable with isobutylene preferably includes those 
compounds having ethylenically unsaturated bonds with 3 to 12 carbon atoms and can include, for example, 

40 olefins, with 3 to 12 carbon atoms, conjugated dienes, vinyl ethers, aromatic vinyl compounds, vinyl silanes 
or allyl silanes. Among them, olefins or conjugated dienes with 3 to 12 carbon atoms are preferred. 

Specific examples of the cationic polymerizable monomer copolymerizable with isobutylene include, for 
example, propylene, 1-butene, 2-butene, 2-methyM-butene, 3-methyM-butene, pentene, 4-methyl-1-pen- 
tene, hexene, vinyl cyclohexane, butadiene, isoprene, cyclopentadiene, methyl vinyl ether, ethyl vinyl ether, 

45 isobutyl vinyl ether, styrene, a-methylstyrene, dimethylstyrene, monochlorostyrene, dichlorostyrene, /3- 
pinene, indene, vinyltrichlorosilane, vinylmethyldichlorosilane, vinyldimethylchlorosilane, vinyldimethyl- 
methoxysilane, vinyltrimethylsilane, divinyldichlorosilane, divinylmethoxysilane, divinyldimethylsilane, 1 ,3- 
divinyl-1,1,3,3-tetramethyldisiloxane, trivinylmethylsilane, tetravinylsilane, allyltrichlorosilane, allylmethyldich- 
lorosilane, allyldimethylchlorosilane, allyldimethylmethoxysilane, allyltrimethylsilane, diallyldichlorosilane, 

50 diallyldimethoxysilane, diallyldimethylsilane, 7-methacryloyloxypropyl trimethoxysilane, 7-methacryloylox- 
ypropyl methyldimethoxysilane, etc. Among them, preferred are, for example, propylene, 1-butene, 2- 
butene, styrene, butadiene, isoprene, cyclopentadiene, etc. These cationic polymerizable monomers 
copolymerizabl with isobutylen can b used alone or two or more of them b used together in 
combination with isobutylene. 

55 In the present invention, the organic compound having the group represented by th general formula (I) 
is used as the initiator and as the chain transfer agent. In the case wher R 1 and R 2 represent monovalent 
hydrocarbon groups in the general formula (I), it is preferred that th y are hydrocarbon groups with 1 to 20 
carbon atoms. Some of the hydrogen atoms in the hydrocarbon groups may partially be replaced by other 
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substituents. Among the hydrocarbon groups, aliphatic hydrocarbon groups with 1 to 12 carbon atoms, such 
as methyl or thyl group, ar preferred. If both R 1 and R 2 are hydrogen atoms where R 3 is an aliphatic 
hydrocarbon group, stable carbonium ions are not formed and polymerisation does not progress smoothly. 

In the general formula (I), R 3 is preferably a hydrocarbon group with 1 to 40 carbon atoms. Some of the 
hydrogen atoms in the hydrocarbon group may be replaced by other substituents. R 3 may be an aromatic 
hydrocarbon group or aliphatic hydrocarbon group. Examples of R 3 can include: 




n+1 



<CH 2 > m 

75 in which n is an integer of 1 to 5, m is an integer of 1 to 10 and t~tn+i is as defined above. 

In the general formula (I), n is preferably an integer of 1 to 5 and, most preferably, 1 or 2. X represents 
a halogen atom or an RCOO- group. Examples of the halogen atom can include, for example, fluorine, 
chlorine, bromine and iodine, with chlorine or bromine being preferred. In the RCOO- group, R is preferably 
a hydrogen atom or a hydrocarbon group with 1 to 6 carbon atoms and, particularly, an aliphatic 
20 hydrocarbon group. Examples of the RCOO- group include, for example, CH 3 COO- and C2H5COO-. 

Examples of the organic compound having the group represented by the general formula (I) include 
those compounds represented by the general formula (II): 



AY t (II) 

where A represents a group having 1 to 4 aromatic rings, Y is a group represented by the general formula 
(III), attached to an aromatic ring of A: 

_C- X (HI) 
I 

R5 

where R* and R 5 individually represent a hydrogen atom or a monovalent hydrocarbon group with 1 to 20 
carbon atoms, X is a halogen atom or an RCOO- group wherein R is as defined above and 1 represents an 
integer of 1 to 6; compounds represented by the general formula (IV): 

BZ k (IV) 



wherein B represents a hydrocarbon group with 4 to 40 carbon atoms, Z represents a halogen atom or an 

RCOO- group (R has the same meaning as described above) attached to a tertiary carbon atom, and k 
45 represents an integer of 1 to 4; and oligomers having o-halostyrene units. These compounds may be used 

alone, or two or more of them may be used in combination. 

The moiety A which is the group having 1 to 4 aromatic rings in the compound represented by the 

general formula (II) may be prepared by known procedures, for example, by condensation. Specific 

examples of such aromatic ring-containing groups include, for example, 1- to 6- valent phenyl, biphenyl, 
50 naphthalene, anthrathene, phenanthrene, pyrene, ph-(CB2) r ph (where j is an integer from 1 to 10) etc. 

These groups having aromatic rings may be substituted with aliphatic hydrocarbon groups with 1 to 20 

carbon atoms, or those groups having functional groups such as hydroxy, ether and vinyl. 

When, on the other hand, the moiety Z in the compound represent d by th g neral formula (IV) is a 

halogen atom or an RCOO- group attached to the tertiary carbon atom, the moiety B in the gen ral formula 
55 (IV) is a hydrocarbon with 4 to 40 carbon atoms and, preferably, aliphatic hydrocarbon group. If the number 

of carbon atoms is less than 4, a halogen atom or an RCOO- group does not remain bound to the tertiary 

carbon atom, and such compounds are not suitable for us . 
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The oligomer containing a-halostyrene units that can be used as th initiator and chain transf r ag nt 
can include, for example, an oligom r of a-chlorostyrene or an oligom r prepared by copolymerizing a- 
chlorostyrene and a monomer copolymerizable therewith. 

When a compound having two or more halogen atoms or RCOO- groups is used as the initiator and 
5 chain transfer agent in the process according to the present invention, a polymer having functionality on 
both terminal ends, i.e., so-called telechelic polymer can be obtained. Such polymer is extremely useful. 

Specific examples of the initiator and chain transfer agent as described above can include, for example, 



70 



75 





X 



20 



25 




complex salt of 



30 




CH3 



35 



CH3 



40 



46 



50 



55 



5 




CH3 . . CH3 

CH2CH 2 CH 2 -^J)y— C — X 
CH3 *" CH3 



CH 3 , , 

-f-O- 



CH3 CH3 CH3 

X— C— CH 2 CH 2 — C — X B CH3— C— X 

I I I 

CH3 CH3 CH3 



X — C — CH 2 CH 2 CH 2 CH 2 — C — X 

I I 
( n ~C8Hi7) ( n "CsHi7) 



CH3 CH3 CH3 

X^C — CH 2 CH 2 — C — CH 2 CH 2 — c — X 

I I I 

CH 3 X CH 3 



organic compounds containing halogen atoms such as oligomers of a-chlorostyrene or organic compounds 
containing RCOO- groups. Those preferred among these compounds can include halogen atom-containing 
organic compounds having -C(CH 3 )2CI or -CfCFfefeBr capable of forming stable carbonium cations, for 
example, 
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CH3 CH 3 

C€ ~~ i "v>y ch 2ch 2 ch 2 "~^Tjy~ c "" c€ 

CH3 CH3 



CH3 CH3 CH3 CH 3 

« — C — CH 2 CH 2 C€ b Cf — C — C — Zt 

I I || 

CH3 CH3 CH3 CH3 



CH 3 CH3 CH3 

B ' ' I 

C€ — C — CH 2 CH 2 — C — CH 2 CH 2 — C — Ct 
CH 3 « cH 3 



and those compounds in which chlorine atoms are replaced with bromine atoms in th above compounds 
such as 
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CH 3 CH 3 

CH3 CH3 



Further, compounds containing CH 3 COO- group, such as 



O CH 3 CH 3 CH, O 



CH 3 C-OHj>CH 2 -(j-CH 2 -j:-0-CCH 3 
CH 3 CH 3 CH 3 



and 



0 CH 3 CH 3 CH 3 O 

1 I I I 3 » 
CH 3 C-0-C-CH 2 -C-CH 2 -C-0-CCH 3 



CH 3 O CH 3 



CO 
I 

CH. 



are also preferred. 

These compounds can be the ingredient used as the initiator and as the chain transfer agent and the 
molecular weight of the polymer can be controlled by the amount used, usually about from 0.01 to 20% by 
weight and, preferably, from 0.1 to 10% by weight relative to the cationic polymerizable monomer 
containing isobutylene. 

The Lewis acid used in the present invention is the ingredient used as the catalyst. Typical examples of 
Lewis acids include those compounds represented by MX'n' (in which M represents a metal atom, X' 
represents a halogen atom and n* represents a positive integer). Examples of MX'n' can include, for 
example, BCI 3 , AlCb, SmCU, TiCU, VCI 5 , FeCI 3 and BF 3 . Among them, BCI3, AlCIs, BF 3 , etc. are preferred, 
with BCI 3 being particularly preferred. 

The amount of the Lewis acid is, preferably, from 0.1 to 10 moles and, more preferably, from 2 to 5 
moles per mol of the initiator and the chain transfer agent utilized. 

In the process of the present invention, a hydrocarbon or a halogenated hydrocarbon containing an 
organonitro compound is used as the polymerization solvent. Between the hydrocarbons and halogenated 
hydrocarbons, halogenated hydrocarbons are preferred and, chlorinated hydrocarbons having one or two 
chlorine atoms are particularly preferred. 

Specific examples of the hydrocarbon and halogenated hydrocarbon can include, for example, pentane, 
hexane, CH 3 CI, CH 3 CH 2 CI, CH 2 CI 2 , CH 2 CICH 2 CI, etc. They may be used alone or as a mixture and, further, 
may be used together with a small amount of other solvent. 

Specific examples of the organonitro compound contained in the hydrocarbon or halogenat d hydrocar- 
bon can include, for example, CH3NO2, CH 3 CH 2 N02, 1 -nitropropan , 2-nitropropane, nitrobenzene, etc., 
and they may be used in admixture. Among the organonitro compounds those nitrohydrocarbons having 
one or two nitro groups are preferred. 

The ratio of using one or more of the organonitro compound and on or more of the hydrocarbon or 
halogenated hydrocarbon as the main solvent is preferably from 0.1 to 100 parts by weight, more 
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preferably, from 0.5 to 20 parts by weight of the organonitro compound based on 100 parts of one or more 
of the hydrocarbon or halogenated hydrocarbon. 

The polymerization method may be batchwise charging solvent, monomer, initiator and chain transfer 
agent, catalyst, etc. successively into a vessel, or a continuous method of solvent, monomer, initiator and 
5 chain transfer agent, catalyst, etc. continuously charged into and taken out of a vessel. 

The polymerization temperature is preferably from -10 to -120°C and, more preferably from -20 to 
-80 *C. The polymerization time is preferably from 0.5 to 80 min and more preferably, from 1 to 30 min. 

The monomer concentration upon polymerization is, preferably, about from 0.1 to 8M and, more 
preferably, about from 0.5 to 5M. 
io The organonitro compounds may be added directly to the main solvent, or added to the solution of the 
initiator and chain transfer agent or added to the catalyst solution. Further, a catalyst solution prepared from 
the organonitro compound and the catalyst may be added, and these methods can be employed in 
combination. 

The polymerisation is preferably stopped by the addition of alcohols such as methanol. 
75 The present invention is hereinafter described in greater detail with reference to examples, which are 
not to be constructed as limiting the scope thereof. 

■ 

EXAMPLE 1 

20 A stirring blade, a three-way stopcock and a vacuum line were attached to a 1 liter autoclave made of 
pressure-proof glass and, while evacuating through the vacuum line, the polymerization vessel was dried by 
heating at 100* C for one hour and, after cooling to the room temperature, the pressure was returned to the 
normal pressure by opening the three-way stopcock. 

Then, while introducing nitrogen from one end of the three-way stopcock, 290 ml of methylene chloride, 

25 i.e., a main solvent dried by treatment with calcium hydride was introduced into an autoclave using an 
injection cylinder. Then, 15 ml of nitromethane dried by treatment with calcium chloride was introduced and, 
further, 10 ml of methylene chloride solution containing 10 mmol of p-DCC (1 ,1-bis(a-chloroisopropyl)- 
benzene) dissolved therein was added. 

Then, after connecting, to the three-way stopcock, a liquefied gas sampling tube made of pressure- 

30 proof glass attached with a needle valve and containing 40 g of isobutylene dehydrated by passing through 
a column packed with barium oxide, the polymerization vessel was immersed in a dry ice-acetone bath 
-70 *C and cooled for one hour while stirring its contents. After cooling, the pressure of the inside was 
reduced via the vacuum line, the needle valve was opened and isobutylene was introduced from the 
liquefied gas sampling tube made of pressure-proof glass into the polymerization vessel. Then, the pressure 

35 was returned to normal pressure by introducing nitrogen from one end of the three-way stopcock and the 
contents of the polymerization vessel were cooled to -60 *C by continuing the cooling for one hour under 
stirring. 

Then, a boron trichloride solution (containing 20 mmol of boron trichloride) was added from the three- 
way stopcock by an injection cylinder to start the polymerization and, after the elapse of 30 min, methanol 
40 previously cooled to lower than -40 * C was added to stop the polymerization. 

The temperature of the polymerization vessel was returned to the room temperature and the reaction 
mixture was taken out into a eggplant-shaped flask to remove unreacted isobutylene, methylene chloride, 
nitromethane and methanol by distillation. After dissolving the residual polymer in 400 ml of n-hexane, the 
solution was repeatedly washed with water till it became neutral. Then, the n-hexane solution was 
45 concentrated to 80 ml and the concentrated solution poured into a one liter of acetone to settle and 
separate the polymer. 

The thus obtained polymer was again dissolved into 400 ml of n-hexane, dried over anhydrous 
magnesium sulfate, and filtered to remove n-hexane under a reduced pressure to obtain the purified 
isobutylene polymer. • 
50 The yield was calculated from the amount of the resultant polymer produced, Mn and Mw/Mn were 
determined by GPC, and the end structure was determined by measuring and comparing the intensity of 
proton resonance signals belonging to each of the structures by the hP-NMR (300 MHz) method. The 
results are shown in Table 1 . 

55 EXAMPLES 2-4 

Polymers were produced and evaluated in the same manner as in Exampl 1 xcepting for changing 
the kind and the amount of the organonitro compound as shown in Table 1 . The results are shown in Table 
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1. 

EXAMPLES 5-1 1 

5 Polymers were produced and evaluated In the same manner as in Example 1 excepting for using 1,1- 
dichloroethane instead of methylene chloride as the main solvent and changing the kind and the amount of 
the organonitro compound as shown in Table 2. The results are shown in Table 2. 



w 



15 



COMPARATIVE EXAMPLE 1 

Polymer was produced and evaluated in the same manner as in Example 1 excepting for not using the 
organonitro compound. The results are shown in Table 1 . 

COMPARATIVE EXAMPLE 2 

Polymer was produced in the same manner and evaluated as in Example 5 excepting for not using the 
organonitro compound. The results are shown in Table 2. 



20 



25 



30 



35 



40 



45 



50 



55 



10 



EP 0 279 456 B1 



5 



10 



15 



* 

Ql 

3 

O 

u 

Ol 



c 
O 

•H 
-U 
O 

c 
3 

U-l 

o 
c 

O 

I 



u _ u 
I 



> 
c 

(0 

c 

H 



c * 

•h Q 

U-l 3 

0) O 

■H * 

O CH 



Ql 

a o 

CJ u 





O 


O 


■ 


• 


• 


rH 


CN 


CN 



in 



20 



u 

to ~ 

rH I C 

3 4J-H CIS 

O JZ U o Vj 

o oj -h a w 



00 




in 


GO 




• 


• 


• 


• 


• 


«H 


fH 


rH 


iH 





25 



W 

m 



30 



35 



40 



45 



50 



14 

<a 

0) rH 
U D» 3 4J 

u id U£H 

U Ql (PC 
E CU fH -WtS 

3 > o ai *-| 



rH 

•H 
X 



Q< 

3 

TJ O 
C U 
3 Ol 
O 

a o 

B u 

O 4J 
U *H 
C 

a 

•H 

c c 
a) *h 
cn > 

O.C 



c 

3 
O 



c 

•H 



o 
o 



o 

in 



o 

GO 



in 

CO 



in 

CO 



rH 



m m 



<N 

O 

z 



w 
O 
2 

m 
M 

fN 

O 



I 

o 

u 

•H 

c 

CM 



01 

c 
co 

O 



in 
m 



o 



in 



0) 

1 c 
O 0) 

W N 
-u» C 

2 .D 



cn m 



0) 
fH 

£ 

<o 
x 
w 



GO 



o> 

> rH 
-H 
■U 

m oi 

U rH 

<0 Q* 

ae 
e <o 
o x 

U H 



0) 
rH 
3 
U 
0) 
fH 
O 

£ 

M 
0) 

6 

rH 

o 

Qi 

01 

c 
o 

0) 

a 

Vi 

0) 
JQ 
6 
3 

c 



m 

a 
u 
i 

u — 

II 

u 
I 



H3 
C 
CO 

a 



CO 

c 
m 

0) 

e 
a 

3 
O 
u 



0) 



55 



11 



I 



EP 0 279 456 B1 



10 



Oj 

3 
o 

u 

oi 



(0 

c 

o 

•H 
jj 
O 

c 

3 
0 

c 

3 
O 



75 



8 I 

u _ u 
I 



5H 

c 

flJ 
C 



c * 
•H o 
U-l 3 
0) O 
r-t n 
O 01 



ffi 0 

oi 



O 





CA 






O 


O 


OY 


CM 


• 


• 


• 


• 


• 


• 


• 


• 


r-H 


r-l 


CM 


rH 


CM 


CM 




rH 



20 



u 

rH | C 
S-U<H CIS 

OJC n ON 
0) CT> -u -h S 

o <u »h a h 



in 


GO 


in 


10 


O 


GO 




CO 


• 


• 


• 


• 


• 


• 


• 


• 


r-H 


rH 


rH 


rH 


CM 


rH 


rH 


CM 



25 



CM 

W 
•J 



30 



35 



40 



M 
03 
0) rH 
ki CJ> P 4J 
0) 10 U £ H 
A M O CP C 

e oj rH-Hia: 

3 > O 0) +-4 
Z (0 S 5 



45 



50 





TJ 




rH 




0) 




•h 










3 


JJ 


-a 0 


c 


c u 




3 O 


§ 


O 




ft 0 




B u 




O 4-» 




O -H 




c 




u 




•rH O 




c c 


C 




■H 


o> > 








O.C 





O 


o 


o 


o 


o 




o 


O 




o 


o 


o 


o 






o 




o\ 


n 


in 


CO 


CO 




o 




in 


m 


in 


in 


in 


10 


in 



in 



o 

CO 



in 



en 



GO 



e in 
C. rH 



in 



in in 



in 

rH 



CM 

o 

% 
<n 

o 



CM 

O 
m 

CM 



CM 
O 

m 

SB 

CM 
U 



CM 

o 

m 

<M 

a 



i 

0 Q> 
U C 

jj m 

•H Oi 

c o 

1 U 
rH ft 



I 

o 



0) 

c 
«J 
a 
o 

u 

CM ft 



c 

I 



in vo 



0) 



CA 



O 
rH 



in 



in 



0) 

1 c 
o a> 

M N 
4J C 

•H 0) 

2 ja 



a 

e 

w 



in 
GO 



OJ 

> CM 
•H 
4J 

(0 0) 

U rH 

«J ft 

ae 

£ (0 
O X 

u w 



0J 
rH 

3 
O 

<u 

rH 

O 

E 

H 

OJ 

6 
>i 

rH 
O 
ft 

OJ 
C 

o 

OJ 
ft 

u 

0J 

•i 

3 
C 



c 
m 

CM 

g 

II 



u 
i 

o 
II 
u 

I 



B 



8 



c 

o 
e 

3 
O 
u 



As apparent from th results of Table 1 and 2, when polymerization is conducted without using the 
55 organonitro compound (Comparativ Examples 1 , 2), it can be seen that a large amount of 
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CH, 

l» 
"C=CH 2 

5 

-CH = C(CH 3 )2 and indanyl groups are present, in addition to the desired -C(CH 3 ) 2 CI group at the terminal 
ends of the polymer obtained. 

On the other hand, when the polymer having functional terminal end groups is produced by the process 
according to the present invention, it can be seen that a polymer having the desired -C(CHs)2CI group at 
70 high ratio in the terminal ends is obtained in good yields. Sidereactions are suppressed and the molecular 
weight distribution becomes sharp. 

Claims 

75 1. A process for producing isobutylene polymers having functional terminal end groups at the terminal 
ends of the polymer chain, which comprises polymerizing one or more cationic polymerizable 
monomers containing isobutylene by using: 

(A) as an initiator and chain transfer agent, an organic compound having the group represented by 

the general formula (I): 



20 



25 



40 



45 



50 



Rl 
I 



11 I 



R2 



wherein the symbol f~tn designates n-valent bonds meaning that R 3 contains n substitutes in 
3d addition to the -CR 1 R*X substituent; and wherein X represents a halogen atom or an RCOO- group, 

in which R represents a hydrogen atom or a monovalent organic group, R3 represents a (n + 1)- 
valent hydrocarbon group, R 1 and R 2 individually represent a hydrogen atom or a monovalent 
hydrocarbon group, provided that R 1 and R 2 are not both a hydrogen atom when R 3 is an aliphatic 
hydrocarbon group; and n is a positive integer; 
35 (B) as a catalyst, a Lewis acid; and 

(C) as a solvent a hydrocarbon or halogenated hydrocarbon containing an organonitro compound. 

2. A process as defined in claim 1, wherein the organic compound having the group of the general 
formula (I) 



Rl 

4-)-R3-C-X (I) 

I 

R2 



is a compound of the formula 
AY t (II) 

wherein A represents a group having 1 to 4 aromatic rings. Y is a group of th formula 



55 
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I 

C 
I 

R5 



- c - X 



(III) 



attached to an aromatic ring of A, wherein R* and R 5 taken individually represent a hydrogen atom or 
monovalent hydrocarbon group with 1 to 20 carbon atoms; X is a halogen atom or a RCOO- group 
wherein R is defined as in claim 1 ; and I represents an integer of 1 to 6. 

3. A process as defined in claim 1 ,wherein the organic compound having the group of the general formula 
(I) 




is a compound of the formula 
BZ k (IV) 

wherein B represents a hydrocarbon group with 4 to 40 carbon atoms; Z represents a halogen atom or 
a RCOO- group attached to a tertiary carbon atom wherein R is as defined in claim 1 ; and k represents 
an integer of 1 to 4. 

4. A process as defined in claim 1, wherein the organic compound having the group of the general 
formula (I) 




is an oligomer containing a-halostyrene units. 

5. A process as defined in any one of claims 1 to 4, wherein the organonitro compound is a nitro 
hydrocarbon having one or two nitro groups. 

6. A process as defined in any one of claims 1 to 4, wherein the solvent is a chlorinated hydrocarbon 
having one or two chlorine atoms and containing a nitrohydrocarbon having one or two nitro groups. 

7. A process as defined in any one of claims 1 to 4, wherein the solvent is a solvent in which from 0.1 to 
100 parts by weight of a nitrohydrocarbon having one or two nitro groups is added based on 100 parts 
by weight of a chlorinated hydrocarbon having one or two chlorin atoms. 

PatentansprUche 

1. Verfahren zur Herstellung von Isobutylenpolymeren mit funktionellen Endgrupp n am End der Poly- 
merkette. umfassend die Polymerisation von einem oder mehreren kationisch polymerisierbaren Mono- 
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5 



10 



30 



meren, di Isobutylen enthalten, unter Verwendung von: 

(A) als Initiator und K ttenlibertragungsmittel eine organisch Verbindung mit der Gruppe der 
allgemeinen Formel (I): 



I 

R3 - C - X 
I 

R2 



wobei das Symbol irtn n-wertige Bindungen bezeichnet, was bedeutet, daB R 3 zusatzlich zu dem 
Substituenten -CR 1 R 2 X n Substituenten enthalt, und wobel X ein Halogenatom oder eine Gruppe 

15 RCOO- darstellt, wobei R ein Wasserstoffatom oder eine einwertige organische Gruppe darstellt, R 3 

einen (n + 1 )-wertigen Kohlenwasserstoffrest darstellt, R 1 und R 2 jeweils ein Wasserstoffatom oder 
einen einwertigen Kohlenwasserstoffrest darstellen, mit der Maflgabe, da8 R 1 und R 2 nicht beide ein 
Wasserstoffatom darstellen, wenn R 3 ein aliphatischer Kohlenwasserstoffrest ist, und n eine positive 
ganze Zahl ist, 

20 (B) als Katalysator eine Lewis- Saure, und 

(C) als Losungsmittel einen Kohlenwasserstoff oder halogenierten Kohlenwasserstoff, der eine 
Organonitroverbindung enthalt. 

2. Verfahren nach Anspruch 1 , wobei die organische Verbindung mit der Gruppe der allgemeinen Formel 
25 (I) 

Rl 
I 



(— )-R3-C-X (I) 



I 

R2 



as eine Verbindung der Formel 
AY t (II) 

ist, wobei A eine Gruppe mit 1 bis 4 aromatischen Ringen darstellt, Y eine Gruppe der Formel 

40 

* 

-c-x Ci") 

45 | 

R5 

ist, die an den aromatischen Ring von A gebunden ist, wobei R* und R 5 jeweils einzeln ein 
so Wasserstoffatom oder einen einwertigen Kohlenwasserstoffrest mit 1 bis 20 Kohlenstoffatomen darstel- 
len, X ein Halogenatom oder eine Gruppe RCOO- ist, wobei R die in Anspruch 1 angegebene 
Bedeutung hat, und I eine ganze Zahl von 1 bis 6 darstellt. 

3. Verfahren nach Anspruch 1, wobei die organische Verbindung mit der Gruppe der allgem inen Formel 
55 (I) 
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eine Verbindung der Formel 



BZ k (IV) 



ist, wobei B einen Kohlenwasserstoffrest mit 4 bis 40 Kohlenstoffatomen darstellt, Z ein Halogenatom 
oder eine Gruppe RCOO- darstellt, die an ein tertiares Kohlenstoffatom gebunden ist, wobei R die in 
Anspruch 1 angegebene Bedeutung hat, und k eine ganze Zahl von 1 bis 4 darstellt. 

4. Verfahren nach Anspruch 1 , wobei die organische Verbindung mit der Gruppe der allgemeinen Formel 
(I) 




ein cr-Kalogenstyroleinheiten enthaltendes Oligomer ist. 

5. Verfahren nach einem der AnsprUche 1 bis 4, wobei die Organonitroverbindung ein Nitrokohlenwasser- 
stoff mit einer oder zwei Nitrogruppen ist. 

6. Verfahren nach einem der AnsprOche 1 bis 4, wobei das Losungsmittel ein chlorierter Kohlenwasser- 
stoff mit einem oder zwei Chloratomen ist, der einen Nitrokohlenwasserstoff mit einer oder zwei 
Nitrogruppen enthalt. 

7. Verfahren nach einem der Anspruche 1 bis 4, wobei das Losungsmittel ein Losungsmittel ist, bei dem 
0,1 bis 100 Gew.-Teile eines Nitrokohlenwasserstoffes mit einer oder zwei Nitrogruppen, bezogen auf 
100 Gew.-Teile eines chlorierten Kohlenwasserstoffes mit einem oder zwei Chloratomen, zugegeben 
werden. 

Revendlcatlons 

1. ProcSde* de production de polymeres isobutylene qui ont des groupes terminaux fonctionnels aux 
extremes de la chaTne polymere, qui comprend de polymeriser un ou plusieurs monomeres cationi- 
quement polymerisables contenant de I'isobutylene en utilisant : 

(A) comme un initiateur et agent de transfert de chaTne, un compose organique qui a le groupe 

repr§sente* par la formule g§ne>ale (I): 




dans laquelle le symbole t~tn r pre*sente une liaison n-valent , c qui signifie que R 3 contient n 
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substituants en plus du substituant -CR'R^; t dans laquelle X represents un atom d'halogene ou 
un groupe RCOO-, dans lequel R represente un atome d'hydrogene ou un groupe organique 
monovalent, R 3 represents un group hydrocarbure (n + 1)-valent, R 1 et R 2 represented individu lie- 
ment un atome d'hydrogene ou un groupe hydrocarbure monovalent, a la condition que R 1 et R 2 ne 
repr^sentept pas tous les deux un atome d'hydrogene qygnd. R 3 est un groupe hydrocarbure 
aliphatique ; et n est un entier positif; 

(B) comme catalyseur est un acide de Lewis, et 

(C) comme solvant un hydrocarbure ou un hydrocarbure halogene* contenant un compose organohi- 
tro. 

2. Proc4de* selon la revendication 1, dans lequel le compose* organique ayant le groupe de formule 
generate (I): 



Rl 




R2 

est un compost de formule : 
AY t (II) 

dans laquelle A represente un groupe ayant 1 a 4 cycles aromatiques, Y est un groupe de formule : 

-c-x (un 

R5 



fixe a un cycle aromatique de A, dans laquelle R* et R 5 represented individuellement un atome 
d'hydrogene ou un groupe hydrocarbure monovalent de 1 a 20 atomes de carbone; X est un atome 
d'halogene ou un groupe RCOO dans lequel R est detini comme a la revendication 1 ; et I represente 
un nombre entier de 1 a 6. 

3. Procede selon la revendication 1 f dans lequel le compose organique qui a le groupe de formule 
generale (I) : 



Rl 




est un compose de formule : 
BZ k (IV) 

dans laquelle B represente un groupe hydrocarbure de 4 a 40 atomes de carbone; Z r presente un 
atome d'halogene ou un groupe RCOO- fixe a un atome de carbone tertiaire dans lequel R est tel que 
detini a la revendication 1 ; et k represente un entier de 1 a 4. 



17 



EP 0 279 456 B1 

4. Proceed selon la rev ndication 1 , dans lequel le compose organiqu qui a te groups de formul (I): 

Rl 

I 

R3-C-X CX) 
I 

w 

est un oligomfere contenant des unites a-halostyrfcne. 

5. Proc6d6 selon Tune quelconque des revendications 1 a 4, dans lequel le compost organonitro est un 
hydrocarbure nitre qui a un ou deux groupes nitro. 

75 

6. Proc6d6 selon Tune quelconque des revendications 1 a 4, dans lequel le solvant est un hydrocarbure 
chlore qui a 1 ou 2 atomes de chlore et qui contient un hydrocarbure nitro ayant un ou deux groupes 
nitro. 

20 7. Procede selon Tune quelconque des revendications 1 a 4, dans lequel le solvant est un solvant dans 
lequel on ajoute entre 0,1 et 100 parties en poids d'un hydrocarbure nitro ayant un ou deux groupes 
nitro par rapport a 100 parties en poids d'un hydrocarbure chlore ayant 1 ou 2 atomes de chlore. 
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